In this work we investigate the effects of solar cosmic ray (SCR) from the GLE (Ground Level Enhancement) 69 on 20 January 2005 and GLE 05 on 23 February 1956. For this purpose we apply our operational programme CORIMIA (COsmic Ray Ionization Model for Ionosphere and Atmosphere). In the final version of the applied model an approximation in 5 characteristic energy intervals of the Bohr-Bethe-Bethe function including charge decrease interval is used. For the first time we present these quantitative and qualitative appreciations of the SCR fluxes impact from these Solar Particle Events (SPE) on the ionosphere and middle atmosphere (30-120 km). Unlike the cases of galactic cosmic rays (GCR), SCR differential spectra vary essentially in time during the course of the investigated event. Also SCR fluxes differ from one another for different events. The profiles behaviour is explained taking into account the structure of the CORIMIA programme. The computational results are in accordance with the experimental data. They show characteristic features of the ionization rate process for different geomagnetic latitudes and altitudes. The calculations are performed over geomagnetic latitudes 65
GLE 05 on 23 February 1956 [ 4, 5 ] . The corresponding differential spectra (GLE 69) are taken from the available GOES satellite data. We investigate the SCR effects in the polar cap region at geomagnetic latitudes 65 • -80 • during two of the most powerful SPE's which are observed from the beginning of the neutron monitor measurements of cosmic rays. In this way, the extreme influence of solar activity on the ionization state of the ionosphere and middle atmosphere is calculated.
Unlike the cases of GCR, SCR differential spectra vary essentially in time during the course of the investigated event. It is difficult to make a generalization of the global Solar Energetic Particles (SEP) influence on the chemistry and electrical conductivities in the atmosphere for the whole time period. That is why it is appropriate to consider more than one moment of SCR impact. For the case of GLE 69 we include two characteristic time points -at 8:00 UT and 23:00 UT during SCR penetration. The corresponding differential spectrum in cm −2 .s −1 .MeV −1 outside the atmosphere (according to GOES data) for the time point at 8:00 UT is (1) D(E) = 1.55 × 10 6 E −2.32 , and for the time point at 23:00UT is
The differential spectrum for GLE 05
These spectra are obtained in the following way. Two data points are taken from the GOES data lists for protons in Internet for every spectrum (1) and (2) . They belong to different energy intervals of measurement as given in these data lists. After that a system of equations is solved towards both unknown parameters of spectrum: the magnitude K and the exponent γ [ 5 ] .
For the first time CORIMIA programme is applied to SEP events and the results show that it is suitable for the calculations of the effects from solar particles. The model embedded in this programme includes the full approximation of the Bohr-Bethe-Bloch ionization losses function [ 6, 7 ] using 6 characteristic energy intervals for cosmic ray (CR) nuclei groups:
We investigate the case of solar protons penetration (charge Z = 1) in the Earth's atmosphere. That means interval 2 is not taken into account. On the other hand, we show that the last three high energy intervals (above 200 MeV) do not have contributions to the ionization rate (GLE 69 at 23:00 UT and GLE 05). The last two intervals approximately (the energies above 2 GeV) for GLE 69 at 8:00 UT are also without contribution (Fig. 1) . Consequently, in Fig. 1 the dependence of number of particles on the characteristic energy intervals can be seen (4) . For comparison we also show GCR spectra at solar minimum and maximum and anomalous CR (ACR) spectra for O + and He + with charge Z = 1, i.e. singly ionized. The ACR spectra are effective below 100 MeV and the GCR spectra -above 1 GeV (relativistic energies).
Model description. The operational model embedded in CORIMIA programme is developed in [ 1, 2 ]. The main mathematical expression for calculation of the ionization rate in the atmosphere including the full CR composition is the following:
where A is the azimuth angle, θ is the angle towards the vertical, ∆θ takes into account that at a given height the particles can penetrate from the space angle the nuclei, Q = 35 eV is the energy which is necessary for the formation of one electron-ion pair.
is corresponding SCR differential spectrum for protons which is given in (1)-(3).
Energy cut-offs E i , which are lower boundary of integration in (5), are calculated on the base of geomagnetic E R and atmospheric cut-offs E A for given geomagnetic latitude λ m and atmospheric altitude (travelling substance pathh) with the following expression:
The geomagnetic cut-off [ 4 ] is evaluated in equation (7) (7)
The atmospheric cut-offs take into account the travelling substance path and for the case of SCR protons (because of the characteristic energy interval ranges [ 9 ]) take the forms E A1 and E A2 .
From (5) we obtained the concrete expressions for electron production rate caused by SCR protons penetration in the atmosphere. In Figure 1 , it can be seen that the first three intervals are effective for contributions in the ionization rate values. They are intervals 1, 3 and 4 in (4) for Z = 1. The energy decrease laws [ 8 ] without boundary crossing for these intervals are The sub model for SCR protons penetration in the atmosphere is derived in equation (17) (17)
This expression is characteristic for SCR differential spectra, because it is limited to the lower energy intervals of the ionization losses function.
Results. The sub model for calculation of the ionization rate caused by SCR penetration in the atmosphere with account of the first three characteristic energy intervals (17) is applied for the GLE 69 and GLE 05 events. In Figures 2, 3 and 4 are presented the main results of electron production rate profiles calculated with CORIMIA programme.
Figures 2 and 3 present the ionization rate profiles caused by SCR during GLE 69 with spectra measured on 20.01.2005 at 8:00 UT and 23:00 UT. These The altitude range includes the heights interval 30-120 km. As it can be seen in Figures 2, 3 and Table 1 , the profile maxima altitude grow with the latitude.
The ionization profiles at latitude 80 • are crossing because of the different energy power and magnitude values of the differential spectra for 8:00 and 23:00 UT. For smaller altitudes (greater cut off values) dominates the spectrum with smaller power. The small difference between the maxima altitudes of both ionization profiles is due to the nonlinearity of the problem. There act simultaneously two contrary tendencies in the profile values formation which change their domination with the growing altitude. This fact is due also to the higher magnitude value of the spectrum. For greater heights the neutral density decreasing already dominates.
The differential spectrum with the smaller exponent (8:00 UT) causes greater values for lower altitudes because there act the higher energetic particles from the spectrum. The reason for that is the strong atmospheric cut off at these altitudes. In the higher altitudes the influence of the greater spectrum magnitude (23:00 UT) dominates. Figure 4 presents the results of electron production rate calculation of the GLE 05 event. This is the most powerful solar proton event which is observed in the history of space research. Similar to other two spectra from 20.01.2005, in this case, there is an increase of the maxima altitude with growing latitude. geomagnetic cut-offs, neutral density (altitude dependence), spectra magnitude and exponent (number of charged particles).
The SCR spectra at lower latitudes cause smaller values of the ionization rate profiles because of the higher geomagnetic cut-offs. The maxima do not occur here because the atmospheric cut offs value switching appears at lower altitudes where the travelling substance path values are great enough.
In Table 1 the ionization rate profile maxima are given with the corresponding altitudes values. It must be noted that at higher altitudes dominates the magnitude of differential spectrum, while at lower altitudes dominates the number of particles with smaller exponent. This is due to the greater atmospheric cut-offs which dominate over geomagnetic cut-offs for small altitudes. The powerful event GLE05 has characteristic maximum for geomagnetic latitude λ m = 75 • .
The CORIMIA programme (which is based on the programme system Mathematica [ 8 ]) is able to calculate the SCR ionization rates stably and accurately for effects of any solar CR impact on the lower ionosphere and middle atmosphere. Its structure is user friendly developed with detailed description of input and output data in corresponding windows. In future, we will develop and improve the CORIMIA programme as directly applicable routine for the goals of space weather investigation.
